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ABSTRACT

Aim: To investigate the percentage of pollutants on customized abutments arrived from the implants
company and the additional effect of dental laboratory manipulations. The second purpose was to validate
the effectiveness of a simplified ultrasonic cleaning protocol to clear customized abutments before
placement.

Materials and methods: Twenty-four customized abutments were divided in two groups of 12 titanium
and 12 zirconia abutments returning from the implant company or the dental laboratory AND cleaned or
not. The two steps cleaning protocol consisting of mechanical treatment with a sterile compress soaked
in RBS T 105 (detergent) over the transgingival part of the abutment followed by 3 successive ultrasound
baths for 2 min /bath. The presence of pollutants was quantified by scanning electron microscopy.
Results: The propose a cleaning method that allowed to significantly decreases the quantity of pollutants
(p=0.0006). The abutments returning from the dental laboratory were significantly more polluted than
those coming directly from the implant company (p=0.0043). The cleaning effect was highly significant in
both groups (p<0.0001). The quantity of pollutants before cleaning were similar in the titanium and in the
zirconia groups and the cleaning effect was highly significant in both groups (p=0.0009).

Conclusion: The tested cleaning protocol tested performed on the customized abutments whether they

come back from the implant company or the dental laboratory.
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INTRODUCTION

The formation of an early and long-standing effective barrier to protect the peri-implant structures is
essential to avoid bacterial penetration that could jeopardize the initial healing and long-term implant
survival. This biological seal, known as the biological width, is composed of two types of tissular interface,
coronally, an epithelial adhesion and below a connective adhesion (1-6),

Physico-chemical properties of the abutment seem to be a critical factor for the peri-implant soft tissue
integration(.7), It was previously reported that abutment surface properties influence the adhesion,
proliferation, and colonization of fibroblastic cells and microorganisms, and are considered the key
influencing factors of a stable and healthy transmucosal seal(®).

However, the manufacturing process or the laboratory procedures may contaminate the transmucosal
abutments and the residues may lead to an undesired biological response. It was already suggested by
several authors that a proper cleaning of the abutment must be carried out before placement®-12),
However, a survey study among 85 universities over the world, revealed that 25% of the centers do not
apply any abutment cleaning procedure, 57% use steam vapor, ultrasonic bath or a disinfectant
(Chlorhexidine, H20., Glutaraldehyde) and finally 18% use a combination of the preceding treatments('3).
The most common component cleaning methods proposed in the literature are those using argon plasma,
steam or a series of ultrasonic (US) baths(10.14-16), Canullo and coworkers compared the cleaning efficacy
of Argon plasma versus a rather long (45 min) US protocol using successive baths of antibacterial
detergent, pure acetone and ethylic alcohol. The results of this study suggest that both the argon plasma
and US treatments can be equally adopted for abutment cleaning process('6). More recently, other authors
also emphasized that abutments cleaned in 3 successive US baths (anti-bacterial, alcohol, water)
displayed less pollutants compared to abutments cleaned with steam, ethanol (wiping or soaking) or with
chlorhexidine (scrubbing)('-19).However, in vitro studies demonstrated that titanium abutments cleaned

with argon plasma allowed better fibroblastic and epithelial cell adhesion after cell seeding when



compared to unclean abutments(120), Canullo and co-workers also showed in a randomized controlled
trials the interest of cleaning titanium abutments with argon plasma to enhanced cell adhesion(0),

While the studies mentioned above provide valuable information on the cleaning method, a comparison
of the amount of pollutants on the abutments returning from the implant company or from the dental
laboratory has not yet been studied. The proposed US and argon plasma cleaning protocols seem to be
the most effective, however, these are time-consuming and/or costly and may not always be realistic in
daily practice. In the present study, we proposed a simplified US cleaning protocol consisting in rubbing
with a compress soaked in detergent and then immersion in three successive US baths for two minutes
each at room temperature (Detergent, Sterile Water, Ethanol). This method saves times and cost
efficiency compared to the US techniques described in the literature.

The first objective of the present study was to investigate the efficacy of a simplified US cleaning protocol
to decontaminate custom-made implant abutments. The null hypothesis states that the US cleaning
protocol does not allow the removal of pollutants on the abutments. The second aim was to evaluate the
degree of pollution of CAD-CAM titanium and zirconia abutments delivered by the company and the

additional effect of laboratory manipulations.



MATERIALS ET METHODS

Study design

In this in vitro study, a total of 24 customized abutments made of different materials were analysed to
quantify the amounts of surface pollutants by low vacuum scanning electron microscopy. The
experimental cleaning procedure was applied to 12 abutments while the 12 others remained uncleaned.
In each group, 6 abutments were directly delivered from the company while the 6 others were
subsequently manipulated in the dental lab after making a provisional PMMA crown. The flowchart of the
study design is represented in (Figure 1). One half of the abutments is in titanium (Ti) and the other half

were in zirconia (ZrO) (Figure 2a and b).

Specimen abutment preparation

The specimen abutments were produced by a CAD-CAM manufacturing process (Procera® Nobel Biocare) from a
single custom-made abutment design made from a implant model with a conical connection implant (Nobel Active®,
Nobel Biocare, Kloten, Switzerland) placed in position 11. A total of 12 Ti and 12 ZrO, abutments were
manufactured. Half of each abutment set was sent to the dental lab in order to fabricate a CAD-CAM PMMA
provisional crown. The process included polishing and finishing with a make-up directly on the model abutment.
The other experimental abutments did not receive any further handling and were kept in the delivering non-sterile

package.

Abutment cleaning protocol

Half of the abutments was subjected to the experimental cleaning protocol based on 2 steps.

First, the transmucosal parts of the abutments were scrub with a sterile gauze previously soaked in RBS
T®105 (detergent) and secondly, the abutments were treated by the sequence of 3 US baths (each for 2

min) in RBS T 105, in sterile water and finally in ethanol 70°, each for 2 min (Figure 3a and b).



Quantitative evaluation of the contamination

The amounts of pollutants on the 24 abutments were then assessed in a FEI XL-30 Filed emission gin-
environmental scanning electron microscope ( FEG-ESEM XL-30, FEI, Netherlands) working in low
vacuum condition (0.4-0.6 Torr), at 15kV accelerating voltage and using the gaseous electron detector
from backscaterred electrons (BSE, compositional images). The abutments were consistently positioned
in the microscope chamber and a standardized region of interest (ROI) of 690 um wide by 1293 um long
was defined at a magnification of 38 x (Figure 4). Quantitative analyses of pollutants dots in the ROIs
were carried out using a semi-automatic method (ImageJ® software, NIH, USA). The surface covered

by pollutants in each ROl was then expressed in percent of the total area of the RIO.

Statistical analysis

Statistical tests were carried out using GraphPad 8.3.0. Normality tests (D’Agostino & Pearson) were
performed following outliers’ identification (ROUT test with Q = 1%) and withdrawal (n = 2). Unpaired t-
test and Mann-Whitney test were performed to analyze the cleaning method effect and to compare the
pollution coming from the Implant Company and the Dental Laboratory respectively. Two-Way ANOVAs
were used to analyze the cleaning method effect in terms of origin (Implant company versus Dental
laboratory) and composition (ZrO2 versus Ti). Tukey’s correction was applied for multiple comparisons.

The data were presented as box and whiskers, associated to dots representing individual data.

RESULTS

The proposed US cleaning protocol allowed to significantly decrease the amount of pollutants (p=0.0006),
with a pollution rate of 4.51 + 3.41 % at baseline and dropping to 0.06 + 0.05 % after applying the
experimental cleaning procedure (Figure 5a). Before applying the cleaning procedure, the abutments

returning from the dental laboratory were significantly more polluted than those delivered directly from the



implant company (7.17 + 2.56 % and 1.85 + 1.41 %, p=0.0043), (Figure 5b). The effectiveness of the
experimental cleaning procedure was highly significant in abutments coming from both the company and
the lab (p<0.0001) (Figure 5¢). Finally, looking at the influence of the abutment material (Ti versus ZrOx)
on the amount of pollutants before cleaning, no significant effect was found and the effect of the

experimental cleaning procedure was highly significant with both materials (p=0.0009) (Figure 5d).

DISCUSSION

The present study emphasized that custom-made CAD-CAM abutments delivered from a manufacturing
center presented some surface pollutants and the laboratory procedures to fabricate a PMMA provisional
crown increased significantly the quantity of surface pollutants. However, suggested the experimental
cleaning protocol displayed a high efficacy to clean both the Ti and ZrO, abutments and the null

hypothesis is therefore rejected.

Efficacy of the experimental cleaning protocol

Several abutment cleaning methods such as argon plasma, US bath or steam were described in the
literature(10.14-19), However most of them are time consuming and / or involve a certain cost. For example,
some authors demonstrated the efficacy of a cleaning protocols using successive US warm bath of
various products such as detergents and alcohol for up to 45 minutes('6.8), Gehrke and co-workers also
describe effective implant component cleaning method (Finevo Cleaning system, Bredent GmbH & Co.
KG, Senden, Germany) using 3 successive US baths of 5 min consisting in antibacterial solution, ethanol
and then pure water. On the monotype abutment, the proportion of surface covered by contaminants
decreased from 4,86% (+ 6,09%) to 0.19% (x 0, 13%)("". Although the protocol is half shorter and does

not require warming of the bath(s), the results of the present study are equally effective as the surface



occupied by the contaminations decreased from 4.51+£3.14% to 0.06 £ 0.05%. The cleaning protocol we
proposed is indeed rather short and quite simple to implement in the dental office.

Other authors, also proposing a cleaning protocol, observed a decrease of component contamination
density from 0.017% % (0.016%) to 0.001% = (0.001%)(9). The low baseline level of contamination makes
the comparison with the present study difficult, and it might be the consequence of pre-cleaning steps of
the component with steam, ozone and UV disinfection. Additionally, most of the other studies did not
measure the contamination baseline values of abutment coming directly from the milling center or
returning from lab(1".16.18.19),

However, the authors observed that the steaming cleaning protocol is less effective when compared to
the US or argon Plasma methods('8.19),

Although it involves a certain cost, the cleaning methods using argon plasma, also displayed higher cell
adhesion in abutment retrieved in human when compared to uncleaned or steamed abutments. The
authors concluded that beyond its abutment cleaning efficacy, Argon plasma treatment also favors peri-

implant soft tissue healing and stability(10.20),

Effect of the dental laboratory procedure on the pollutant levels on abutments

In our study, we observed that the intervention of the dental lab on the abutments leads to a larger surface
percentage coverd by pollutants (7,17+£2,56%) in comparison with the abutments delivered from the
implant company (1,85+1,41%). As previously suggested, the milling manufacturing procedures for
customized implant abutments made of metals or zirconia may contaminate abutment surfaces through
lubricants, waxes, generic pollutants and microparticles of metals(10,16). To our knowledge, the present
study is the first one to emphasize the additional pollution of implant abutments returning from the lab
after the realization of a provisional crown and without any precleaning procedure.

Indeed, most of the studies analyzed pollutants level after dental lab procedures including a precleaning

step (with steam or other methods) or without a negative control(16-19) - However, Gehrke and co-



workers cited above showed that the hybrid abutments coming from de dental lab were less polluted
(0,03+0,03%) than the monotype abutment manufactured in the milling center (4,86+6,09)(17). These
results contrats with our findings, and the authors suggest that the polishing process of the hybrid
abutment reduces the surface roughness which therefore may contribute to the abutment cleanness.
However, these hybrid abutments bonded, polished, cleaned with ethanol in the lab were not subjected

to the processing of a provisional crown and this may explain the contrast with our results.

Study limitations

The present study suffers from several limitations. It would have been relevant to investigate qualitatively
the nature of the pollutants using energy dispersive elemental X-ray microanalysis (EDX). However,
several authors observed that pollutants were both organic and inorganics compounds including carbon-
rich deposits, silica-rich particles as well as other particles containing aluminium, sulfur and/or vanadium
which may come from the CAD/CAM manufacturing and the dental lab manipulations('8.19), Additionally,
it should be clarified that abutments were not paired, different components were used for the test and
control groups. Finally, it could have been relevant to also compare the proposed US cleaning protocol

with a Steam protocol as it is often used in laboratory daily practice.

CONCLUSION

Within the limits of this study, the tested cleaning protocol on both customized titanium and zirconia
abutments was effective, whether the abutments came back from the implant company or the dental
laboratory. Despite the limited evidence on the clinical benefit of cleaning transgingival pieces,
decontamination of these pieces prior to their placement may be reasonable to improve peri-implant tissue

integration(10),
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TABLES AND FIGURES

1. Study design

2. Titanium (Ti)(@) and Zirconia (ZrO2)(b) CAD/CAM abutments.

3. Sterile compress soaked in detergent (a) and Three times ultrasonic bath (b)

4. Low vacuum BSE- SEM image of the region of interest (RIO) for the quantitative analysis of pollutants.
5. Results a,b,c,d

6. Low vacuum BSE- SEM images (38x) of a titanium abutment returning from the implant company before
(a) and after (b) cleaning protocol.

7. Low vacuum BSE- SEM images (38x) of a zirconia abutment returning from the implant company
before (a) and after (b) cleaning protocol.

8. Low vacuum BSE- SEM images (38x) of a titanium abutment returning from the dental laboratory
before (a) and after (b) cleaning protocol.

9. Low vacuum BSE- SEM images (38x) of a zirconia abutment returning from the dental laboratory

before (a) and after (b) cleaning protocol.
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